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Abstract: The Thermal Fingerprint Developer (TFD-2) developed 
by Foster and Freeman is the f irst commercially available instrument 
to solely utilize heat treatment to visualize latent f ingermarks. The 
chemical-free TFD-2 was able to develop latent f ingermarks on a 
variety of substrates. The manufacturer’s guidelines with regard to 
the optimal treatment settings were suitable for the more common 
substrates such as white copy paper; however, new protocols were 
required for the treatment of thermal paper. The TFD-2’s ability to 
develop these samples and its use in sequence with traditional chemi-
cal reagents, such as 1,2-indanedione and physical developer, were 
demonstrated. The thermal developer may offer quick and easy heat 
application options for existing f ingermark development reagents. 
However, the TFD-2-developed samples lacked the detail and con-
trast afforded by conventional amino acid-sensitive reagents under 
most conditions.
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Introduction
Several amino acid-sensitive reagents exist to develop latent 
f ingermarks on porous surfaces (e.g., ninhydrin, 1,8-diazof lu-
oren-9-one (DFO), p-dimethylaminobenzaldehyde (DMAB), 
1,2-indanedione-zinc chloride (IND-Zn) [1–4]. In addition, 
sebaceous-sensitive reagents [e.g., physical developer (PD), Oil 
Red O (ORO), Nile Red and Blue] are also available [4–8]. These 
differ from the amino acid-sensitive reagents in that they can be 
used on porous surfaces that have been previously wetted [9, 10]. 
Although these methods are effective techniques for develop-
ing latent f ingermarks on porous surfaces, they do have some 
disadvantages. These include the necessity of a wet chemis-
try laboratory, the ongoing cost of chemicals and their waste 
management, as well as the hazards associated with such chemi-
cals. For example, ninhydrin has been shown to cause rhinitis, 
which is the inf lammation of mucous membranes inside the 
nose [11].
Reagent-free and contactless thermal f ingermark develop-
ment may alleviate some of these concerns. This involves the 
heating of porous surfaces, such as paper, to develop latent 
fingermark impressions [12]. Although the potential for thermal 
development of f ingermarks on paper was f irst recognized in 
the 1940s, it was not seen as a viable fingermark development 
technique [13–15]. More recent research conducted by Dominick 
et al. resulted in f luorescent fingermark development and visible 
charring on paper substrates, which was also observed by Song 
et al. [12, 16] Bond et al. likewise used direct heat to success-
fully develop latent fingermarks with good results, albeit using 
thermal paper substrates [17, 18]. In comparison to the commer-
cially available Thermanin, an analogue of ninhydrin, their 
findings indicate significantly improved fingermark ridge detail 
with thermal development [18]. The research conducted by Song 
et al. indicated that heating plain copy paper at low temperatures 
for short periods of time produced a f luorescent f ingermark, 
and heating at higher temperatures for longer periods of time 
produced visible f ingermarks [12]. Although the exact ridge 
development mechanism is unknown, it has been suggested 
that the ridge contrast is “simply an acceleration of the thermal 
degradation of the paper”, rather than an actual reaction between 
the fingermark and paper substrate [12]. This research led to the 
commercial development of the Thermal Fingerprint Developer 
(TFD-2) by Foster and Freeman. Paper exhibits are placed on a 
conveyor and are subsequently exposed to a heating element for 
differing lengths of time and levels of heat [12]. The TFD-2 is 
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described by the manufacturers as a portable device that allows 
for a large number of exhibits to be processed in a short period 
of time, while providing controlled and reproducible results 
without the need for chemicals [19].
The primary aim of the current investigation was to examine 
the manufacturer’s claims. A series of investigations using 
different substrates was conducted, and the developed finger-
marks were compared to the DMAB, ninhydrin, or IND-Zn 
alternatives. Furthermore, the use of TFD-2 in sequence with 
ORO and PD was also examined and compared to the sequence 
proposed by Frick et al. [20] Additionally, the development of 
amino acid-sensitive reagents using the TFD-2 as an alternative 
heat source was explored.
Materials and Methods
Chemicals
1,2-Indanedione (CASALI/Optimum Technology, Australia), 
absolute ethanol (CSR Chemicals, Australia), anhydrous zinc 
chloride (Sigma-Aldrich, U.S.A.), citric acid (Ajax Finechem, 
Australia), ethyl acetate (Univar Analytical, Australia), ferric 
nitrate nonahydrate (Chem-Supply, Australia), ferrous ammonium 
sulphate hexahydrate (Sigma-Aldrich, U.S.A.), glacial acetic 
acid (Lab-Scan, Thailand), HFE-7100 (1-methoxynonaf luorobu-
tane, 3M Novec, Australia), maleic acid (Sigma-Aldrich, U.S.A.), 
n-dodecylamine acetate (Optimum Technology, Australia), 
ninhydrin (CASALI/Optimum Technology, Australia), p-dimeth-
ylaminobenzaldehyde (BDH, U.S.A.), Oil Red O (Sigma-Aldrich, 
U.S.A.), propylene glycol (Sigma-Aldrich, U.S.A.), silver nitrate 
(Chem-Supply, Aust ralia), and Tween 20 (Sigma-Aldr ich, 
Australia) were all used as received and were of analytical 
reagent grade unless otherwise stated.
Fingermark Collection
Latent fingermarks were collected on various substrates from 
five donors who had not consumed food or handled chemicals 
in the 30 minutes prior to providing specimen f ingermarks. 
Both charged fingermarks, prepared by having donors rub their 
f ingers on their face or hair immediately prior to f ingermark 
deposition, and uncharged fingermarks, requiring no prepara-
tion, were collected. Donors were instructed to gently place 
fingertips onto the substrate and not to remove their hands until 
f ingers had been outlined in graphite pencil. Fingermarks were 
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treated within 24 to 36 hours following deposition unless stated 
otherwise. At least two to four fingermarks were collected from 
each donor for each experiment. In the case of the compari-
son studies to existing f ingermark reagents, split prints were 
used as recommended by the International Fingerprint Research 
Group [21].
Substrates
The substrates used in this study consisted of white A4 copy 
paper (Fuji Xerox Professional, 80 g/m2), Green Wrap 60% 
recycled copy paper, brown wrapping paper, gloss thin card used 
by WA Police for the “Burglary–What Happens Now?” brochure, 
The West Australian newspaper, gloss paper Young’s Noodle Inn 
take-out menu, and white Coles brand 11B envelopes. Thermal 
paper was used in the form of unprinted thermal register rolls 
(Off iceworks, Australia) and printed receipts f rom several 
supermarkets. Substrates used to test the ability of the TFD-2 to 
develop wetted specimens were submerged in water for 1 minute 
after f ingermark deposition and were subsequently allowed to 
air dry.
The TFD-2 operates by applying heat to fingermark exhibits 
mounted on a moving stage (Figure 1). The intensity of the heat 
(5% increments) and the speed of the stage (250–6500 mm per 
minute) can be varied as deemed necessary for the substrate 
in question [19]. The number of passes made underneath the 
heating element can affect the ridge development.
Figure 1
The Thermal Fingerprint Developer (TFD-2). Image courtesy of Foster and 
Freeman [20].
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Method Development for the Use of the TFD-2 on Various 
Substrates
The general approach to developing fresh fingermark depos-
its on a variety of substrates consisted of taking the lowest 
heat setting with the highest tray speed and then increasing 
the intensity until development occurred. If the manufacturer’s 
recommendations were known, they were used as a star ting 
point. If charring of the substrates occurred, either the intensity 
of the heat was decreased or the tray speed was increased until 
satisfactory ridge detail was achieved.
Thermal Paper Development Using the TFD-2
The following procedure was developed to treat thermal 
paper to achieve sufficient contrast while preventing charring 
or overdevelopment:
1. The TFD-2 was set to 6500 mm per minute tray speed 
and 40% heating intensity.
2. The thermal paper was removed after its f irst pass 
under the heating element, at the point where the tray 
pauses to go back under the heating element and to the 
load position.
3. Step 2 was repeated twice, if necessary.
4. If there was still no development, the sample was left 
on the tray for the complete cycle.
5. Step 4 was repeated, if necessary, by reducing the 
tray speed by 500 mm per minute steps at a time 
until development or until 2000 mm per minute was 
reached.
6. If there was still no development, the heat setting was 
increased by 10% and step 5 was repeated, starting at 
a tray speed of 6500 mm per minute.
7. Step 6 was repeated as necessary.
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Preparation of Reagent Solutions
The preparation of all stock and working solutions is summa-
rized in Table 1.
To prepare the treatment papers for the DMAB and IND-Zn 
dry contact method, either white A4 copy paper or chromatog-
raphy paper (Whatman No.1) was immersed into the working 
solution and air dried before being stored in a sealed zip-lock 
plastic bag that was stored under ambient conditions in the dark. 
The PD stock and working solutions used in this study (Table 1) 
were prepared as described by the Australian Federal Police 
(AFP) [4] with the following modification: Tween 20 was substi-
tuted for Synperonic N, as described in Sauzier et al. [8] The PD 





DMAB stock solution 1 g DMAB in 22 mL ethyl acetate and 3 mL acetic acid
Working solution 1 mL stock solution diluted with 9 mL HFE-7100
Dry Contact
DMAB [1] Working solution 4 g DMAB in 100 mL ethyl acetate
Wet Contact  
IND–Zn 
[2, 4, 23, 24]
IND stock solution 4 g 1,2-indanedione dissolved in 450 mL ethyl acetate and 50 mL glacial acetic acid
Zinc chloride stock solution 8 g zinc chloride dissolved in  200 mL absolute ethanol
Working solution 2 mL zinc chloride stock solution and 50 mL stock solution added to 450 mL HFE-7100 solvent
Dry Contact  
IND–Zn [23] 1,2-Indanedione stock solution
0.75 g 1,2-indanedione and 20 mg zinc 
chloride dissolved in 0.5 mL ethanol, 15 mL 
dichloromethane, and 35 mL ethyl acetate
Ninhydrin [4]
Working solution 5 mL stock solution added to 45 mL HFE-7100
Ninhydrin stock solution
30 g ninhydrin dissolved in 410 mL absolute 
ethanol and 25 mL ethyl acetate, followed by 65 
mL glacial acetic acid
Working solution 80 mL stock solution added to 920 mL HFE-7100 solvent
Oil Red O [7] Working solution
0.05 g ORO dissolved in 100 mL propylene glycol 
at 95 °C with constant stirring. Cooled solution is 
vacuum filtered before use
Physical 
Developer [4, 8]
Detergent-surfactant solution 0.5 g n-dodecylamine acetate and 0.5 g Tween 20 dissolved in 125 mL deionized water
Redox solution
7.5 g ferric nitrate nonahydrate, 20 g ferrous 
ammonium sulphate hexahydrate, 5 g citric acid, 
and 10 mL detergent-surfactant solution (in order 
given) dissolved in 225 mL deionized water
Silver nitrate solution 10 g silver nitrate dissolved in 50 mL deionized water
Maleic acid pre-wash 6.25 g maleic acid dissolved in 250 L deionized water
Working solution 7.5 mL silver nitrate stock solution added to 142.5 mL redox stock solution
Table 1
Preparation of stock and working solutions.
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Development of Latent Fingermarks Using DMAB
The DMAB treatment procedure was carried out as described 
by Fritz et al. [1] For the wet contact working method, the sample 
was immersed into the working solution for ~ 1 to 2 seconds 
before being air dried on paper towels at room temperature. The 
samples were then heated in an oven (Zhicheng ZRD-A5055) at 
150 °C for 20 minutes. In the dry contact method, the samples 
were placed either between treatment papers in an Elna laundry 
press at high temperature for 45 seconds (heat insensitive 
samples) or between treatment papers in a zip-lock bag for 
2 days in the dark (heat sensitive samples).
Development of Latent Fingermarks Using IND-Zn 
Methods
“Wet contact” IND-Zn treatment was carried out as described 
by the AFP [4]. Samples were developed by brief ly dipping the 
exhibits in the working solution, allowing them to air dry, and 
then heat-treating them for 10 seconds with an Elna laundry 
press (set at 160 °C).
“Dry contact” IND-Zn treatment was carried out as described 
by Patton et al. [22] Samples were sandwiched between two 
treatment papers and stored in a zip-lock plastic bag for 24 to 36 
hours in the dark. No heat treatment was applied to dry contact-
treated samples.
Development of Latent Fingermarks Using the Ninhydrin 
Method
Ninhydrin treatment was carried out as described by the 
AFP [4]. Samples were developed by brief ly dipping the exhib-
its in the working solution and then allowing them to air dry 
before being stored out of direct sunlight for 24 hours prior to 
examination.
Development of Latent Fingermarks Using ORO
Sample treatment with ORO was carried out as described by 
Frick et al. [7] Samples were placed in a glass tray and immersed 
in ORO reagent for 15 minutes, with manual agitation provided 
by gently rocking the tray for 30 seconds at the beginning of 
treatment. After development, ORO-treated samples were rinsed 
twice in a deionized water bath under running water and air 
dried on paper towels at room temperature.
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Development of Latent Fingermarks Using PD
Fingermark development with PD was car r ied out as 
described by Sauzier et al. with one minor modif ication: the 
maleic acid pre-treatment step was increased from 5 minutes to 
30 minutes, as recommended by Salama et al. [8, 23] Each step 
was carried out in a separate glass tray. Samples were rinsed 
twice in deionized water for 10 minutes, immersed in maleic 
acid for 30 minutes, and then rinsed again in deionized water for 
10 minutes. Samples were then immersed in the working solution 
for up to 20 minutes. After development, samples were rinsed 
several times in deionized water and air dried on paper towels 
at room temperature, away from direct light.
Photography of Samples
Samples were photographed with a Nikon D300 camera, 
equipped with an AF-S Micro-Nikkor lens, mounted on a Firenze 
Mini Repro tripod, and connected to a computer running Nikon 
Camera Control Pro version 2.0.0. Illumination in lumines-
cence mode was achieved using a Rofin Polilight PL500 (Rofin, 
Australia), with an excitation wavelength filter of 490 nm (40 nm 
bandwidth) for the TFD-2- and DMAB-developed prints and 
505 nm (40 nm bandwidth) for IND comparisons. An orange 
camera f ilter at tachment (Foster + Freeman Schott OG550, 
529 nm barrier f ilter) was used. Illumination in absorbance 
mode was achieved using incandescent light with no camera 
filter attachments. Photographic conditions are summarized in 
Table 2. The images are presented as captured with no additional 
enhancement.
Absorbance Mode Luminescence Mode
Focal Length/mm 60 60
Exposure Mode Manual Manual
White Balance Auto Auto
Shutter Speed/s 1/20 1
Aperture f/11 f/11
Sensitivity ISO 200 ISO 200
Table 2
Camera settings for absorbance and luminescence mode photographs.
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Results and Discussion
The ability of the TFD-2 to develop latent f ingermarks 
was investigated on a variety of substrates, in sequence with 
conventional treatment options and for the development of amino 
acid-sensitive reagents. The only instrumental parameters that 
could be altered were the stage speed and the temperature inten-
sity. For specimens requiring prolonged heating, the number 
of passes of the exhibit that were made underneath the heating 
element was also evaluated.
Substrate Investigations
Several substrates were investigated, and sample halves treated 
with ninhydrin served as a point of comparison. Ninhydrin-
developed exhibits provided good detail on the white copy paper, 
gloss cards, and wrapping paper substrates that were tested. 
The TFD-2 results indicated that white copy paper appeared to 
be the best receiving substrate for thermal development. The 
manufacturer’s recommendations of 100% heat at 1250 mm per 
minute gave the optimum results [19]. Fingermarks deposited 
on gloss cards were very poorly developed, with 1750 mm per 
minute at 100% heat offering the best outcomes. However, the 
type and color of gloss on these cards can vary greatly, and 
different batches may therefore offer more promising results. 
Fingermarks deposited on brown wrapping paper were visible at 
tray speeds of 1000 mm per minute to 1750 mm per minute and 
100% heat, however, only the samples at 1000 and 1250 mm per 
minute were suitable for identif ication purposes. The thermal 
development results that were obtained for these three surface 
types are consistent with the findings listed in the TFD-2 user 
manual, as well as the findings of Song et al. with regard to white 
copy paper [12, 19].
The possibility of using the TFD-2 instrument as a viable 
treatment technique for substrates that had been wetted after 
f ingermark deposition was investigated. As expected, wetted 
samples did not appear to be amenable for thermal treatment, 
with only 3 out of 40 specimens exhibiting any development 
(Figure 2). These results support the f indings of Song et al. 
that thermal development relies upon the eccrine (water soluble) 
component of the f ingermark deposits for visualization to 
occur [12]. It should be noted that the substrates were submerged 
in water for only 60 seconds compared to the 5 to 10 minutes 
used by Song et al., which may explain the success with certain 
specimens. 
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Fingermarks deposited on thermal paper can be problem-
atic to develop, because every thermal paper exhibit differs 
according to its source and age [17]. For the purposes of this 
report, thermal paper was broadly classified as strong or weak. 
Thermal paper was deemed as strong if it was very sensitive to 
the application of heat, whereas weak thermal paper required 
more intense heating to provoke a change in the active layer. 
In general, weak thermal paper consisted of faded receipts, and 
strong thermal papers consisted of receipts with high contrast 
characters. Fingermarks deposited on strong thermal paper 
were susceptible to over-development, and the thermal paper 
could quickly become darkened completely, obscuring any ridge 
detail. Fingermarks deposited on weak thermal paper were found 
to be demanding to develop, with little contrast resulting from 
low heat conditions. Because exhibits could easily be misclas-
sified as consisting of strong or weak thermal paper, a gradual 
approach was taken in order to develop f ingermarks reliably 
(Figure 3).
            (a)    (b)
Figure 2 
Examples of ridge detail observed in charged fingermarks on gloss paper 
(2a) and white copy paper (2b); where, following deposition, substrates 
were immersed in water and allowed to air dry prior to TFD-2 treatment. 
Photograph taken with a Nikon D300 camera in luminescence mode at an 
excitation wavelength of 505 nm, focal length: 60 mm, shutter speed: 1 
second, and aperture: f/11.
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This consisted of taking the lowest heat setting with the 
highest tray speed and then progressively increasing the intensity 
until development occurred (as per the Materials and Methods 
section). In this preliminary study, most receipts were success-
fully treated using this approach. However, it has to be noted 
that overheating is irreversibly detrimental to the integrity of the 
print, and extreme caution should be taken when processing vital 
or fragile exhibits. Good luminescent prints could be observed 
on the underside of receipts, at the expense of darkening the 
active side (Figure 4).
Interestingly, no luminescence was observed from the active 
(top) side of any developed thermal paper in this study. Because 
the active side is much more temperature sensitive than the 
underside, it should be developed first to preserve potential ridge 
detail. A comparison study using split prints on thermal paper 
was also undertaken with the dry-contact methods of IND-Zn 
and DMAB, where DMAB and the TFD-2 developed prints to 
a similar level. The IND-Zn-treated specimens gave overall 
better and more reliable friction ridge detail than TFD-2-treated 
samples.
In comparison, a study conducted by Bond et al. resulted in a 
higher rate of successful treatment of thermal paper specimens. 
However, the f ingermarks were deposited onto new thermal 
paper rolls rather than actual used thermal paper receipts [17]. 
When Bond et al. inspected used thermal paper receipts, no 
further fingermarks were deposited in addition to any existing 
from the time of purchase, resulting in a very low number of 
developed prints. 
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Figure 3
Ridge detail displayed by a TFD-2-treated uncharged fingermark deposited 
on the active side of a thermal paper receipt.
Figure 4
Ridge detail displayed by an uncharged fingermark deposited on the 
underside of a thermal paper receipt and treated with the TFD-2. Photograph 
taken with a Nikon D300 camera in luminescence mode at an excitation 
wavelength of 505 nm, focal length: 60 mm, shutter speed: 1 second, and 
aperture: f/11.
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TFD-2 in Sequential Fingermark Treatment
It  is  common pract ice to apply several  reagents in 
sequence [2, 20, 24, 25] with difficult to visualize evidence, and 
the TFD-2 was evaluated in combination with ORO and PD. The 
IND-Zn		→	ORO		→	PD	sequence	reported	by	Frick	et	al.	was	
tested as a point of reference [20]. Comparatively, IND-Zn offers 
vastly superior fingermark development to TFD-2 for deposits 
on plain white copy paper (Figure 5). 
However, in sequence, the ORO treatment presented much 
better contrast and ridge detail when it was preceded by the 
TFD-2 rather than IND-Zn (Figure 6). The nonpolar solvent used 
in the IND-Zn formulation may dissolve some of the “fragile” 
lipids, which ORO stains, therefore reducing the overall inten-
sity of the ORO-developed print.
Although PD was used last in the tested sequences, it appeared 
unaffected by the preceding treatments (Figure 7). Because PD 
is thought to react with the more stable “robust” lipids, it should 
be less sensitive to the preceding methods applied in a sequence 
as seen here. Overall, the sequence proposed by Frick et al. is 
much more sensitive for most operational purposes because of 
the considerably superior 1,2-indanedione step [20].
Figure 5
Luminescence observed in a split charged fingermark on plain copy paper 
treated with IND-Zn (left-half) and the TFD-2 (right-half). Photograph taken 
with a Nikon D300 camera in luminescence mode at an excitation wavelength 
of 505 nm, focal length: 60 mm, shutter speed: 1 second, and aperture: f/11.
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Figure 7
A split charged fingermark on plain copy paper treated with PD following 
ORO and IND-Zn (left-half) and the TFD-2 (right-half) pre-treatment.
Figure 6
A split charged fingermark on plain copy paper treated with ORO following 
IND-Zn (left-half) and the TFD-2 (right-half) treatment.
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The TFD-2 as the Heat Source for Reagent Development
Although samples treated with some reagents, such as IND, 
can be visualized without the application of heat, the develop-
ment rate is greatly increased when heat is applied (~ 10 seconds 
instead of 5 days) [26]. In the case of DMAB and IND-Zn, either 
an oven or an Elna heat press is conventionally used as a heat 
source. However, f ingermarks immersed in either the IND-Zn 
or DMAB working solution, then air dried, could subsequently 
be very successfully heat treated using the TFD-2. Initial results 
suggest that the conventional method of heating may offer 
slightly more sensitivity in the case of IND-Zn (Figure 8). 
Marks were developed using a range of settings, from 40% 
heat at a tray speed of 3000 mm per minute to 100% heat at 
1500 mm per minute; the development was improved with longer 
and stronger heating. Good development with DMAB-treated 
samples could only be gained from more intense heating with 
an intensity of at least 80% at 1500 mm per minute (Figure 9).
This provides a rapid way of developing latent f ingermarks 
in conjunction with existing fingermark reagents, while avoid-
ing direct contact of the sample with the heating elements. This 
contactless approach could prove benef icial for very fragile 
samples, however, charring of the paper can still occur.
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Figure 9
Luminescent uncharged fingermark on plain copy paper treated  
with DMAB, where heat was applied with the TFD-2 (left-half) 
or with an oven (right-half) [1].  
Photograph taken with a Nikon D300 camera  in luminescence  
mode at an excitation wavelength of 490 nm,  
focal length: 60 mm, shutter speed: 1 second, and aperture: f/11.
Figure 8
Uncharged fingermark on plain copy paper treated with IND-Zn,  
where heat was applied with the TFD-2 (left-half) or the conventional Elna 
press method [4] (right-half).
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Conclusion
This study tested a thermal fingerprint developer (TFD-2) on 
a variety of substrates and  assessed its viability as an alternative 
to chemical treatments for developing latent fingermarks. Brown 
and white paper samples were reliably developed; however, the 
sensitivity was signif icantly decreased compared to conven-
tional chemical reagents. Fingermarks deposited on glossy paper 
substrates offered very poor ridge detail overall. The ability of 
the TFD-2 to successfully treat thermal paper samples and its 
use in sequence with other visualization methods was demon-
strated, and samples t reated with IND-Zn offered superior 
ridge detail. Extreme caution has to be applied when treating 
thermal paper, because overheating can quickly destroy exhibits. 
The TFD-2 offered quick and easy heat treatment options for 
fingermark development reagents such as IND-Zn and DMAB. 
This investigation supports the f indings of studies conducted 
by Song et al. regarding eccrine secretions being the critical 
component required for f ingermark impressions to be devel-
oped thermally, as demonstrated by the inability of the TFD-2 to 
reliably develop previously wetted samples [12]. The TFD-2 may 
find use in remote regions where the operation of a wet chemis-
try laboratory (including the ongoing cost of chemicals and their 
appropriate disposal) is not feasible. However, on the basis of 
these preliminary results, the TFD-2 cannot be recommended for 
the treatment of latent fingermark deposits when conventional 
methods are readily available. Much broader studies, including a 
wider range of donors and attempted development after extended 
periods of time, are needed to properly establish the validity of 
this technique for operational purposes.
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